Abstract. The contribution of electron diffusion to power losses was studied. From the frequency dependence of complex permeability, the damping and resonance parameters were determined in the frame of the forced oscillator model. The damping constant correlates well with the difference between total and hysteresis losses. The complex permeability, the loss factor and the conductivity were measured as a function of frequency between 80 K and 300 K. From the tan 6 -maximum over temperature for different frequencies an activation energy was calculated. Its value agrees with the activation energy for the conductivity, showing a clear correlation between tan 6 and electron diffusion for power materials.
INTRODUCTION
To reduce power losses in ferrites, knowledge about their origin is necessary. This work presents new aspects in the study of power loss mechanisms. Power losses are commonly separated into hysteresis losses, (classical) eddy current losses and residual losses [l] . Eddy currents are considered in a macroscopic way, i. e. taking the sample dimensions and resistivity into account. For ferrite cores of usual size (I 100 mm) this contribution is of only minor importance, since power ferrites have large resistivity value (> 1 am). For the purpose of this paper, classic eddy current losses will be neglected. One part of the residual losses is the frequency dependent losses due to damping of domain walls, which after Wijn [2] is mainly due to electron diffusion. Gradzki [3] claims that residual losses are related to the electric field caused by domain wall motion via spin polaron interaction. In order to influence this process and effect domain wall damping, an electric field perpendicular to the magnetic field and with the same frequency was applied to ring cores.
EXPERIMENTAL

Sample Preparation and Characterization
Different Mn-Zn ferrites ring cores samples R20 and R29 in different materials were used [4] . In order to apply an electric field perpendicular to the magnetic flux, the samples were metallized with copper on the pole surface with electric contacts as showed in figure 1. The DC-resistance is also measured using these contacts with a multimeter (Keithley 2001) in four wire technique. Measurements of the complex permeability over frequency were carried out with an impedance analyzer (Hewlett Packard 4194A with impedance probe), having the possibility to trigger an external generator for a second phase coupled signal. Dynamic hysteresis loops were measured by a 16 bit digital oscilloscope (Tektronix 744A) and a current probe [5] . Loss power measurements were made with a VAW-meter (Clarke & Hess 258) 261. In the range from 80 K to 300 K the temperature was varied in a liquid nitrogen cryostat and from room temperature to 130°C in a temperature chamber.
Superposition of an electric field
One possibility to superpose an electric field is to connect the winding and the electric contacts in parallel. However, the resulting amplitude and the relative phase are then fixed. In order to overcome this limitation it is necessary to use a second signal source, phase coupled to the first signal. The impedance analyzer triggers an external function generator (Wavetek 
CORRELATION BETWEEN LOSSES, DAMPING AND ELECTRON DIFFUSION
If the damping of domain walls contributes to the frequency dependent power losses, there must be a correlation between the damping constant and the difference between total and hysteresis losses. The complex permeability over frequency and power losses at different frequencies (f = 25 kHz, 200 kHz and 500 kHz) were measured at T = 80 "C, i. e. close to the core loss minimum, for power ferrites with different calcium additions. The damping ratio 2?Jo,, h being the damping constant and o, the resonance frequency, was determined in the frame of the forced oscillator model from the p'(o) -curve [7] . Figure 3 shows the searched correlation between the damping ratio and the difference between total and hysteresis losses. Wijn [2] claims electron diffusion is the cause for domain wall damping. The activation energy EA was calculated from the tan 6 -maximum over temperature for different frequencies and from DC-resistance over temperature (figure 4) on sample
R20N27
[8], [9] . Since these two activation energies (EA(tan 6) = 2lmeV zk 2 meV, EA(P) = 23 meV + 2 meV) are almost equal it can be followed that electron diffusion plays a role in domain wall damping for power ferrites. Moreover it was found, that the damping ratio 2?Jo, also has a maximum over temperature in the same temperature region as the tan 6 -maximum [10]. 
150-T [K]
INFLUENCE OF MAGNETIC PROPERTIES BY AN ELECTRICAL AC-FIELD
To influence the electron diffusion, electric fields perpendicular to the magnetic flux were applied to the samples. If there is an interaction with the domain walls affecting its damping, then changes in the complex permeability over frequency should be observed. The complex permeability was measured at room temperature for the core R20/N27 at low flux density (B < 0.5 mT), with two different phase shifts 0' and 180" between the electric field (current Ic = 30 mA) and the magnetizing voltage as well as without elechic field (S. figures 5 and 6 ). The current Ic rather than the field amplitude E has been held constant, since it was observed that the relative variation at a fixed frequency is proportional to Ic. Both changes in the ratio of maximum permeability to initial permeability p',,lpi, which is related to 2Ww, [6] , and changes in resonance frequency a, have been observed. Changes in the damping of the domain wall motion should be also seen in the power loss. Power losses were measured at a flux density B = 25 mT for different frequencies as a function of the current Ic in the core at 0' and 180" phase shift on R20/N27 at room temperature ( Figure 7 ). The variation of the power losses increase with increasing the current Ic and higher frequencies. Losses decrease when the phase shift is 0" and increase if it is 180" phase shift.
Hysteresis measurements were performed on a sample R201'38 with a lower resitivity (p -. 0.1 Qm ) in order to achieve a larger current Ic at a frequency f = 10 kHz both without and with electric field and with a phase shift of 0" and 180" at room temperature (Figure 8 ). The electric field changes the width of the loops without affecting the saturation flux density. At 0" phase shift the coercive force decreases and at 180" phase shift increases in correlation with the power loss behaviour. A strong effect on initial permeability and power loss in dependence of phase was observed, showing a maximum at the temperature of the secondary permeability maximum (SPM). The electric field with 0' phase shift decreases the initial permeability and the power loss and shifts the SPM to higher temperatures but the electric field with 180' phase shift increase initial permeability and power loss and shifts the SPM to lower temperatures. The change in power losses is highest at the SPM. Changes in the initial permeability and the displacement of the secondary permeability maximum (SPM) over temperature (figure 9) can be explained by a change in crystal anisotropy since the temperature zero crossing of crystal anisotropy occurs at the SPM [l l].
CONCLUSION
It could be shown that domain wall damping plays an important role in the residual losses of power ferrites. Damping and consequently power losses can be drastically influenced by applying electric fields without affecting the saturation flux density. There is evidently an interaction between the charge carriers building up the current Ic and the moving domain walls [10] . An influence of the current Ic on crystal anisotropy was also observed.
